A highly efficient and versatile synthetic approach to the central core of anti-cancer quinazolinone derivatives is reported. Intermolecular reductive N-heterocyclizations of various 2-nitrobenzoic acid derivatives with formamide were catalyzed by indium(III) or bismuth(III) salts to yield the title compounds in high yields and excellent purities. In the present one-pot sequence, the arylnitro group is apparently reduced by formamide decomposition product carbon monoxide and the resultant anthranilic acid derivative proceeds to Niementowski cyclocondensation to form quinazolinones. The transformation is robust for diverse substituents on the aryl group and In(III) counterions, and is also compatible with N-alkyl formamides but not dimethylformamide.
Introduction
Quinazoline and its derivatives are a class of heteroaromatic compounds that have drawn much attention because of their biological and pharmaceutical activities including a wide range of antitumor activity. [1] [2] [3] [4] Anilinoquinazolines in particular are potent inhibitors of Growth Factor
Receptor (GFR) tyrosine kinases and have found clinical applications in Epidermal and Vascular Endothelial GFR targets ( Figure 1) . [5] [6] [7] Among other pharmacological activities, quinazoline derivatives show remarkable antimicrobial properties against microorganisms associated with death in patients carrying immunocompromised diseases. 8 We recently embarked on a program to synthesize anilinoquinazoline analogs as experimental cancer therapeutics. The preparation of The syntheses of quinazolinone derivatives has been accomplished by cyclocondensation of formamide with anthranilic acid derivatives (Scheme 1, route a) or the less common FriedelCrafts annulation of aminoaryl substrates (Scheme 1, route b). 11 Variations of the former transformation typically proceed via a two-step sequence [11] [12] beginning with reduction of 2-nitrobenzoate to the amino analog followed by conventional Niementowski 11a cyclization with formamide to elaborate the quinazolinone framework. The overall yield of this route is reduced by the modest efficiencies of the reduction (Zn/acetic acid, SnCl 2 /HCl, or catalytic hydrogenation) and cyclocondensation steps, and the purifications required after each stage. In the present report, the reduction and Niementowski cyclization steps occur in a single pot without added reducing agents to provide quinazolinone products in excellent yields and purities.
Results and Discussion
Our studies required the preparation of 7-benzyloxy-6-methoxy-4(3H)-quinazolinone (2b), 13 which had been previously formed from the reduction of benzyl 4-benzyloxy-5-methoxy-2-nitrobenzoate (1b) in Zn/HOAc followed by cyclocondensation with formamide (150 °C/10 h). In our hands, the sequence gave a modest overall yield (42% from 1b) due to the appreciable formation of byproducts at each step and the careful chromatographic isolations required to purify materials. Subsequent one-pot experiments that employed 1b and formamide in the presence of indium(III) acetate (1 equiv, 150 ºC/5 h) yielded a single product according to the TLC and 1 H-NMR analysis (Scheme 2). After filtration of the crude product through a plug of silica gel (ethyl acetate) 2b was obtained in high yield (87%, Entry 2; Table 1 ). Likewise, 4(3H)-quinazolinone (2a) was obtained in 89% yield (Entry 1) from benzyl 2-nitrobenzoate (1a). The purity of crude materials from the one-pot reactions in all examples in Table 1 obviated the need for chromatographic separations.
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Scheme 2. Quinazolinone preparation by reductive heterocyclization.
Cognizant that a diverse set of substituted quinazolinone analogs have been employed in medicinal studies, a preliminary examination of the generality of this sequence was undertaken. The transformation was compatible with alkoxy, chloro, and thiomethyl substituents on the fused aryl ring (Entry 2-8; The use of other 2-nitrocarboxylic acid derivatives was also examined. Thus, methyl 2-nitrobenzoate, 2-nitrobenzoic acid, 2-nitrobenzamide, and 2-nitrocyanobenzene each cleanly gave product upon exposure to formamide and In(III) chloride (Table 2 ; 150 °C/5 h). promoted transformations a brown, organic-insoluble solid was also recovered in place of the original white salt. An experiment in which metal salts InCl 3 , In(OAc) 3 , and Bi(OAc) 3 were independently heated in formamide (150 °C, 10 h) also induced the conversion of the white metal salts to dark materials (dark gray beads in the case of the bismuth salt), which suggests that CO reduces the metal(III) cation concurrently in this transformation. This was confirmed by the observation that the beads obtained from Bi(OAc) 3 were capable of conducting electric current. Several experiments examined the possibility that a reduced amount of formamide might selectively reduce the arylnitro group without effecting metal cation reduction, which would enable the development of a conversion using a catalytic quantity of metal salt. Preparations with reduced amounts of formamide (3 or 6 equiv; 1.0 equiv InCl 3 ) generated dark salts and trace amounts of quinazoline, indicating that the metal cation and arylnitro groups are reduced at similar rates.
In the present reactions metal salts promote formamide decomposition and arylnitro group conversion to arylamines, but are reduced in the reaction leading to the requirement for a full equivalent of metal salt. The metal cation might also participate in catalyzing the subsequent cyclization step, but this issue has yet to be addressed. We are continuing to search for conditions under which metal salts are preserved in this reaction, which would permit the use of metal salts in catalytic quantities to promote the preparation of quinazoline products.
Conclusions
Intermolecular reductive N-heterocyclization of 2-nitrobenzoic acid and its acid derivatives with formamide was catalyzed by indium(III) or bismuth(III) salts to yield 4(3H)-quinazolinones in one-pot. Product purities preclude the need for chromatographic isolation, which contrasts sharply with the purifications required in the two-step sequence. A notable feature of this transformation is the role of formamide as reductant, cyclocondensate, and solvent. These studies also establish the precedent for employing formamide/metal salts as surrogates for CO. Studies are continuing on the syntheses of quinazolinones and on mechanistic issues related to this reaction.
Experimental Section
General Procedures. Proton NMR and 13 C NMR spectra were recorded at 500 MHz and 75
MHz (Varian Inova), respectively in DMSO-d 6 at 25°C. Chemical shift values are reported in ppm with TMS as reference. The coupling constant J values are given in Hz. The IR spectra were recorded on a BRUKER VECTOR 22 FT-IR spectrometer. Kieselgel 60F 254 silica gel TLC plates were used for monitoring reaction progress. Column chromatography was performed using silica gel-60 (TSI Scientific, 230-400 mesh) with ethyl acetate (Optima®, Fisher Scientific) as solvent. All necessary chemicals were purchased from either Sigma-Aldrich (St. Louis, MO) or Substrate preparation. Benzyl 2-nitrobenzoate (1a) and benzyl 5-chloro-2-nitrobenzoate (1g) were prepared from 2-nitrobenzoic acid and 5-chloro-2-nitrobenzoic acid, respectively. Benzyl 5-thiomethoxy-2-nitrobenzoate (1h) was prepared from 1g using literature procedure. 14 Benzyl 4-benzyloxy-5-methoxy-2-nitrobenzoate (1b; from vanillic acid), benzyl 5-benzyloxy-4-methoxy-2-nitrobenzoate (1c; from isovanillic acid), benzyl 4,5-dimethoxy-2-nitrobenzoate (1d; from vanillic acid), and benzyl 3,5-dimethoxy-2-nitrobenzoate (1e; from 3,5-dimethoxybenzoic acid), were prepared according to the literature procedure.
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Typical procedure for the synthesis of 4(3H)-quinazolinone derivative (2) in single-step reaction The mixture of the corresponding 2-nitrobenzoic acid derivative 1 (1.0 mmol) and formamide (1.6 mL, 40 mmol) was heated at 150 ºC in the presence of indium (III) salt (1.0 mmol) and monitored by TLC. After the completion of the reaction (average time: 5 h), the mixture was poured into ice-cold water and stirred for additional 30 min. The resulting precipitate was filtered, washed with water, and passed through a 1-cm silica gel plug using neat ethyl acetate to remove any unwanted insoluble particles. After solvent removal, the resulting solid was crystallized with methanol to yield crystalline 2 in good yield. 
4(3H)-Quinazolinone (2a

3-Methyl-4(3H)-quinazolinone (3a)
. A mixture of 1.0 mmol of starting material (2-nitrobenzoic acid, methyl 2-nitrobenzoate, 2-nitrobenzamide, or 2-nitrocyanobenzene) and Nmethylformamide (1.5 mL, 25 mmol) was heated at 150 ºC in the presence of indium (III) chloride (0.22 g, 1.0 mmol) and monitored by TLC. After the completion of the reaction (average time: 10 h), the mixture was poured into ice-cold water (10 mL) and EtOAc (10 mL), the organic layer was separated, and the aqueous phase was further extracted with EtOAc. The combined organic extracts were washed with brine, dried over MgSO 4 , and filtered. The solvent was evaporated in vacuo and the remaining solid was passed through a silica gel column (EtOAc/hexanes 
